Introduction
Gastrointestinal stromal tumors (GISTs) are rare, accounting for less than 3% of all gastrointestinal neoplasms and less than 6% of all sarcomas. [1] [2] [3] In the past, mesenchymal important factors in determining malignancy are mitotic rate, tumor size, and site. 10 Because of the recent reclassification of mesenchymal tumors, which was based on a better understanding of the genetics and immunophenotype of GISTs, only a limited number of studies have described the radiologic appearances of GISTs. Horton et al 11 reviewed computed tomography (CT) imaging of GISTs, and Hasegawa et al 12 described magnetic resonance imaging (MRI) features of 9 cases. Also,four series have been reported: two single-institution studies from Europe 13, 14 and a collection of cases submitted to the Armed Forces Institute of Pathology in the United States. 15 An additional review from Korea of omental and mesenteric GISTs was completed recently. 16 The purpose of our study was to evaluate our experience involving patients with GISTs who were referred to our tertiary cancer center. We describe the imaging features of GISTs with emphasis on CT, MRI, and positron emission tomography (PET), and we evaluate the patterns of metastatic spread and the usefulness of PET and imaging characteristics to differentiate benign from malignant GISTs.
Materials and Methods
We performed a retrospective review of medical records of all cases at our institute between January 1998 and June 2003 with a histologic diagnosis of GIST. These cases were identified through our cancer registry, which has coded GISTs only since 1998. The registry search was performed according to a research protocol approved by our Institutional Review Board. All cases had a histologically confirmed diagnosis of GIST and were KIT-positive.
Fifty-three patients had a histologic diagnosis of GIST, consisting of 26 men and 27 women with a mean age of 58.4 years (range 26-82 years). We reviewed all of the available imaging studies for the 53 patients. Imaging studies included examinations obtained at our own institute and those from other institutions. For this reason, no standard protocol was used for the images, and both soft-copy PACS (picture archiving and communication system) and digitized images were reviewed. We recorded the site of the primary tumor in all cases by means of pathologic and surgical reports, and we then confirmed the cancer registry data.
CT and MRI findings for the primary tumors were categorized according to previously reported criteria. 13 We recorded maximum tumor diameter at presentation (measured by CT) and whether the tumor was predominantly exophytic or endoluminal (defined as whether more or less than half of the tumor lay outside the bowel lumen as determined by CT). The tumor margin was categorized as well defined (a smooth or lobular contour without surface projections), irregular (with surface projections), or clearly invasive (soft tissue of similar attenuation to the tumor breached an adjacent organ or tissue). The presence of intratumoral fluid, gas, or calcification was noted, and we visually assessed the homogeneity of the tumor and contrast enhancement. We noted evidence of bowel, biliary, or renal obstruction and/or the presence of ascites. Peritoneal metastasis included peritoneal nodules; ascites was evaluated independently.
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Results
The primary tumor locations are summarized in the Table and compared to two recent large series. 13, 15 Stomach and small bowel accounted for more than 80% of the primary sites. Location of the primary tumor could not be determined for 4 tumors because of extensive peritoneal dissemination. These lesions could have been primary to the peritoneum or metastatic with inability to identify the primary organ.
The mean primary tumor size was 14 cm (range 3-26 cm). CT scans prior to therapy were available for review in all 53 cases, MRI scans were available in 19, and PET scans in 8.
Imaging Features
Of the 53 patients who underwent CT at presentation, all primary tumors were predominantly exophytic except for 4 patients in whom the primary tumor could not be categorized because of peritoneal dissemination. The tumor margin was categorized and defined (ie, smooth or lobular) in 40 of 49 cases, irregular in 5 cases, and invasive in 4 cases. No vascular encasement was identified, and no enlarged lymphadenopathy was noted at presentation. Heterogeneity of the primary tumor by CT or MRI was identified in 40 of 49 cases (Fig 1) .
Heterogeneous contrast enhancement was identified by CT or MRI in 39 of 49 cases. Areas of nonenhancement (ie, avascular tumor, necrosis, or fluid) were present in 32 of 49 tumors (Fig 1) , while central gas was seen in 5 ( Fig  2) and central calcification in 1 (Fig 3) . (Fig 6) .
Patterns of Metastatic Spread
The mean time of clinical follow-up for the 53 patients was 2.6 years (range 0.5-5.5 years). Eighteen patients had no metastases and were thus considered to have nonmetastasized tumors. All of the 9 patients with homogeneous tumors exhibited no metastases. Direct invasion of surrounding tissues or organs occurred in 16 patients at presentation. Tumor spread to regional lymph nodes occurred in 4 patients. Only 1 patient had enlarged nodes (greater than 1 cm short axis ) by CT. Distant metastases occurred in 15 patients; sites included liver in 12 patients, peritoneum in 5 patients (Fig 7) , lung in 2 patients, and bone in 1 patient. Some patients had multiple sites of spread. Four patients had ascites (Fig  8) . No cases of visceral obstruction were identified radiologically, but 1 patient with extensive peritoneal metastases developed bowel obstruction as a terminal event.
Discussion
Our study has several limitations. First, this was a retrospective review of cases collected over 5 years at a single institution. All such studies, including ours, suffer from biases, including referral bias. Since our institute is a tertiary cancer care center, our referral patterns may be biased toward the more aggressive lesions. Referral bias may explain why two thirds of the tumors in our series were malignant and only 34% had no signs of metastases. It may also explain the absence of endoluminal GISTs, which tend to be smaller and nonmetastasizing. Tumors found incidentally are smaller and have a better prognosis than those that cause symptoms. In
CT demonstrates an exophytic mass with a well-defined margin, heterogeneous contrast enhancement (dotted arrow), and a homogeneous low-density area without enhancement (solid arrow). (B) T2-weighted MRI without contrast enhancement demonstrates an exophytic mass with a welldefined margin, heterogeneous signal in the area of CT contrast enhancement shown in (A) (dotted arrow), and a homogeneous higher signal region (solid arrow).
(C) T1-weighted MRI with gadolinium contrast enhancement demonstrates heterogeneous enhancement (dotted arrow), corresponding to the area of CT enhancement shown in (A), and homogeneous low-density region without enhancement (solid arrow), also corresponding to the CT shown in (A). Fig 2. -Small bowel GIST with central gas. CT demonstrates an exophytic mass with an irregular margin, heterogeneous contrast enhancement, and central gas within the tumor with a gas-fluid level (arrow). 
A B
one report, asymptomatic tumors found incidentally had a mean diameter of only 1.5 cm. 17 Referral bias may have skewed our series toward more small bowel primary tumors as well, since small bowel GISTs tend to have a more aggressive behavior and a worse prognosis than tumors originating in other gastrointestinal sites. 6, 18 The predominance of large primary tumors in our experience probably reflects this bias toward more malignant GISTs. 19 Second, misclassification of the site of origin is possible with large, malignant GISTs. Unlike most other reports, the small bowel rather than the stomach was the most common primary site in our study; gastric lesions that invade other structures, such as small bowel, could be misclassified. Similarly, the GIST cases with diffuse peritoneal dissemination in our study could have originated from the peritoneum, mesentery, or any other part of the gastrointestinal tract (Fig 8) .
Third, we were unable to review a standardized set of imaging examinations in every case. Scans reviewed included those from our own center as well as those from other institutions in which different imaging techniques and different follow-up surveillance periodicity were used. Moreover, we did not always have access to soft-copy scans, with the added benefits of electronic measurement and attenuation assessment. The final limitation of our study is the lack of long-term clinical follow-up in all patients. With longer follow-up, more thorough analysis of metastases and clinical outcomes would be possible. However, most, if not all, of these problems are unavoidable because of the rarity of this type of tumor.
Our experience is similar to that reported elsewhere in several respects. The mean age at presentation in our study was greater than 50 years, similar to other series. 3, 17, 19, 20 The stomach and small bowel account for the majority of cases of GIST in our series, as in other reports. 3, 13, 17, 19, 20 However, our proportion of patients with distant metastases is less than that reported elsewhere. The incidence of metastases at presentation in the largest clinical series of malignant GISTs approached 50%. 3 Bowel, biliary, and renal obstructions are rarely reported, and our series confirms that phenomenon. Likewise, ascites is uncommon. 
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The distribution of metastases in our study is similar to that in other reports, with the liver and peritoneum dominating. 3, 13, 19 The liver is the most common metastatic site at both presentation and disease relapse. 3 Metastases to bone and the lung have been previously described, but they are distinctly uncommon, as was the case in our study. 3, 13 We found only one case of enlarged lymph nodes according to CT criteria in 4 patients with regional lymph node disease. A number of other investigators have reported no metastatic disease to the lymph nodes. 13, 17 Complete surgical excision of the primary tumor offers the best chance of cure. 3, 17 However, the high rates of local and distant recurrence indicate the need for effective nonsurgical treatment. Until recently, chemotherapy response rates have been disappointing. 3, 21, 22 A promising new tyrosine kinase inhibitor, STI-571 (imatinib mesylate; Gleevec), is currently undergoing clinical trials following encouraging initial reports. 23 PET imaging in patients with GISTs undergoing therapy with STI-571 may detect metabolic improvement before morphologic or structural change is apparent. PET imaging may improve the assessment of tumor behavior by highlighting early functional changes in tumor glucose metabolism that appear to correlate closely with metabolic tumor response to STI-571. CT or MRI scans can suggest a diagnosis of GIST by the presence of a large exophytic tumor with heterogeneous contrast enhancement, arising from the stomach or small bowel. Metastases, if present, are usually to the liver or peritoneum. Lymph node enlargement is uncommon.
The differentiation of GISTs from other primary gastrointestinal malignancies can often be made on the basis of these specific findings. Lymphomas tend to be circumferential with homogeneous enhancement and/or lymph node enlargement. Carcinoid tumors are usually found in the distal ileum,or root of the mesentery,and they commonly stimulate a desmoplastic reaction with calcifications. Large carcinomas are more likely to cause visceral obstruction. The diagnoses that are more difficult to differentiate from GISTs are those of other soft tissue tumors, including leiomyoma, leiomyosarcoma, fibrosing mesenteritis, mesenteric lymphangioma, plexiform neurofibromatosis, and malignant tumors of nerve sheath and vascular origin.
Conclusions
Our study showed that malignant lesions enhance heterogeneously, have ulcerations, and tend to be larger (mean 15 cm compared with 7 cm for nonmetastasizing). Direct invasion, peritoneal spread, and metastasis at presentation are also found in malignant tumors. In our preliminary experience of only 8 cases, PET imaging of malignant GISTs demonstrated uptake of [ 18 F]FDG, while nonmetastasizing GISTs did not. PET imaging may also detect metabolic improvement early and aid in evaluating response to therapy.
